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ABSTRACT
 
This report covers the third quarter of work on the
 
reduction and analysis of the data from the Lockheed
 
auroral particle experiment on ATS-5. The experiment is
 
continuing in its successful operation. Primary emphasis
 
in the data analysis has been placed on studies of the 
characteristics of magnetospheric substorms and of quasi­
periodic oscillations of the particle fluxes. Several
 
newly developed computer programs are described.
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FIGURE 2 A typical example of raw data plotted by the FASTPT
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FIGURE 7 
 Two events are shown, one evening and one morning

event. 
The first event is typical of many evening

events in which an enhancement in the proton flux is
 
observed prior to the electron enhancement. See 
Figure 4 caption for the detector energy ranges. 11 
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THIRD QUARTERLY REPORT
 
FOR
 
LOCKIEED EXPERIMENT ON ATS-5 
(1 March through 31 May 1970) 
INTRODUCTION
 
The Lockheed auroral particles experiment on ATS-5 is continuing in
 
its successful operation. During this quarter, work has continued on the
 
data analysis with emphasis on the characteristics of magnetospheric sub­
storms and themorphology of the quasi-periodic oscillations which have
 
been observed to be a relatively common feature of the data. Several
 
additional computer programs have been developed to aid in the processing
 
and understanding of the large body of data which is being accumulated.
 
Oral presentations of three papers on different aspects of the data were
 
made at the annual meeting of the American Geophysical Union in April
 
(Shelley et al., 1970; Sharp et al., 1970a;Johnson and Sharp, 1970). Two
 
papers have been submitted for publication, one dealing with the absolute
 
detection efficiency of channel-electron-multipliers and the calibration
 
of the ATS-5 instrument (Paschmann et al., 1970) and one on the preliminary
 
results of the experiment (Sharp et al., 1970b). Both papers are included
 
in the Appendix.
 
DISCUSSION
 
Data Processing
 
The routine processing of the data has continued utilizing the various
 
survey programs described in our previous reports. In addition, three new
 
computer programs have been developed. The first is a program called FASTPT
 
which can produce plots on a fast time scale for any one of the eleven
 
detector outputs. It can produce single or multiple plots of up to one.
 
hour of data for all detectors on a standard SC-4020 plot. The time scales
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and intensity scales are variable over a wide range so that it is possible 
to emphasize structures in any desired frequency range. An example of the 
use of this program is shown in Figure 1 where seven detector outputs are 
plotted on a single graph. In this case, a very condensed intensity scale 
was chosen because of the wide variation in intensity during the event
 
being shown. A variation of the fast plot program, FASTAV, which performs
 
a running average on the data has also been developed. In this routine the
 
"bad" data is removed by specifying the upper and lower limits on acceptable 
data at selected intervals and interpolating between these points. The
 
limits are selected by examining the unfiltered data which includes all data
 
points. This has p oven successful for selected time periods, but it is felt
 
that an in-context procedure for the elimination of bad data will be required
 
to perform averages on a production basis. In the present program, the time spac­
ing between the averaged data points is specified independently of the smooth­
ing time or time over which the average is performed.- For this reason, the
 
adjacent points on the output plots are not necessarily independent. Figures.
 
2 and 3 show a selected set of data from one detector before and after the 
smoothing routine respectively. In this case the smoothing time was 50 sec- ­
onds and the smoothed function was calculated at ten-second intervals. The 
increased detail observable in the smoothed data is clearly evident. 
The third prograin is a comprehensive one which greatly extends the
 
variety of ambient plasma properties which can be computed and plotted on
 
a highly compressed time scale (one day per 6 -inch plot). Table I shows
 
the plots now generated by this program called PP4 (Plasma Properties, edition
 
4). All program parameters are also listed on a printer and microfilm is
 
generated for more efficient handling. The obstacle of computer memory 
storage limitation was overcome by developing a program format which uses
 
on-line magnetic drum storage. Future extensions of the analysis can now 
be more easily made with this open-ended storage feature. 
Data Analysis 
Magnetospheric Substorms
 
Work has proceeded on the study of the local time dependence of the
 
various signatures of the magnetospheric substorms as observed at synchronous
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Figure A typical example of the plots produced by the program FASTPT. Seven detector
 
outputs have been produced on a single plot. These data are for the period on
 
day 272 (1969) when ATS-5 crossed or closely approached the magnetopause.
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Figure 2 	 A typical example of raw data plotted by the FASTPI program. 
There are indications of quasi-periodic flux modulations, but 
these are nearly hidden by the statistical fluctuations. 
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Figure 3 	 These are the same data as presented in Figure 2, but smoothed
 
by the FASTAV program. The smoothing time is 50 seconds and
 
the function is evaluated at 10-second intervals. The improved
 
detail in structure resulting from this smoothing procedure is
 
obvious.
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Table I. COMPUTER PROGRAM "PP4" OUTPUT PLOTS 
Plot No. Title
 
CME-lA Count Rate
 
CME-lB, Count Rate
 
CME-IC Count Rate
 
CE-ID Count Rate
 
CFP-1A Count Rate
 
CFP-lB Count Rate
 
CFP-lC Count Rate 
CME-lA, CME-IB, CME-IC, CME-lD Count Rates - Compressed Scale 
CFP-lA, CFP-1B, CFP-lC, CFP-1D Count Rates - Compressed Scale 
CMP, CFE, CFP-2A Count Rates - Compressed Scale 
Electron Omni-Number Flux (Approximation No. 1)
 
Electron Number Density (Approximation No. 1)
 
Electron Omni-Energy Flux (Approximation No. 1)
 
Electron Energy Density (Approximation No. 1)
 
Electron Average Energy, Density Weighted (Approximation No. 1)
 
Proton Omni-Number Flux
 
Proton-Number Density
 
Proton Omtni-Energy Flux
 
Proton Energy Density
 
Proton Average Energy (Density Weighted)
 
Proton Average Energy (Flux Weighted)
 
Proton Average Energy Ratio: Approximation A/Approximation B
 
Magnetic Field Direction (Relative to Detector'Axis)
 
Magnetic Field Strength
 
Electron Omni-Number Flux (Approximation No. 2)
 
Electron Number Density (Approximation No. 2)
 
Electron Omni-Energy Flux (Approximation No. 2)
 
Electron Energy Density (Approximation No. 2)
 
Electron Average Energy, Flux Weighted (Approximation No. 2)
 
Electron Average Energy, Density Weighted (Approximation No. 2)
 
CFE Electron Expected Counts
 
(CFP-1A)-(CFP-1B), Low-Energy Flux Indicator 
(CFE)-(CFP-IB),Total Electron Flux Indicator
 
Beta, Particle Pressure/Magnetic Pressure
 
Particle Pressure
 
6 
altitude and a paper on this subject was presented at the annual meeting of
 
the American Geophysical Union (Sharp et al., 1970a). For a preliminary
 
survey we selected about 20 substorm events during relatively quiet times
 
when the characteristics of the individual events could be readily separated.
 
The onset times of these events, as defined by a sharp enhancement in the
 
0.65-1.9-keV electron channel, varied from dusk to.dawn. We subdivided them
 
into three local time categories: evening events, a group with onset times 
in a one-hour interval around local midnight, and morning events, and searched 
for repetitive features or signatures. Some tentative results based on these 
limited statistics are illustrated in the examples shown in Figures 4 through 7. 
Local midnight is indicated in the figures by an M and the associated negative
 
bays observed by ground observatories close to the conjugate point of the 
satellite are also included. A single event was observed on each of the 
nights illustrated in Figures 5 and 6 and two events are shown in each of 
Figures 4 and 7. 
An obvious feature seen in each of the figures is a time dispersion in ­
the onset of the events between the two electron channels illustrated, with 
the softer electrons in CME-A (0.65-1.9 keV) being observed before the CME-C ­
electrons (5.9-17.8 keV). This time dispersion was clearly observed in 13 
of the 15 events which began in local evening or near midnight, but was not 
a consistent feature of the morning events, which often showed either no 
clearly identifiable dispersion or a reverse dispersion with the hard elec­
trons being observed first. The observation of the soft electrons prior to 
that of the harder electrons is consistent with the picture of an earthward 
motion of the plasma sheet boundary and the observations of both Frank (1968) 
and Vasyliunas (1968) who reported a soft inner edge to this boundary at 
local times in the evening and near midnight. The different effects seen 
in those events initiated in local morning may represent a change in the 
character of the boundary with local time or be the result of a longitud­
inal drift process similar tO that reported for the higher energy electrons 
by Pfitzer and Winckler (1969). (A radial electric field would also have 
to be involved to allow the lowest energy electrons to overtake the satellite.) 
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Figure 4 Typical evening and midnight substorm events are shown at 2200UT
 
on 31 August 1969 and 040OUT on 1 September 1969, respectively.
 
The detector ranges are: CME-A (electrons 0.6 keV < E < 1.9 keV);
 
CME-C (electrons 6 keV < E < 18 keV); CFP-B (protons E > 15 keV);"
 
CFP-C (protons E > 38 keV). Magnetograms from two ground stations
 
near the satellite conjugate point'are also shown.
 
8
 
M 
2000 1 
oCME-C1800-
V) 
0
 
.
 
Li 1200 
600) 
600- CME-A 
.

-
if % j 

~-' 

CFP­
--
2000 " 6oo " 
0 800 ­
_MOOC,400 - 0CFP-B200 ­b_ ­
1 1 1 " 00 

2 4 6 8 |0 Q2 K4 1618 20 22 0 
!Aug 27,1 969 Aug 28,1969 UT,hours Y H 4QO 

Figure 5 Typical midnight sbsormeventwih a proton flux decrease
 
See Figure 4
associated with the electron flux increase. 

The associated magnetic
caption for detector energy ranges. 

bay as observed on he ground at Leirvour is also shown.
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Figure 6 	A typical midnight substorm event in which the proton fluxes are
 
relatively undisturbed during the electron flux enhancement. See
 
the caption of Figure 4 for the detector energy ranges. The
 
associated magnetic bay as observed at Fort Churchill, Canada, is
 
also shown.
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Figure 7 Two events are shown, one evening event and one morning event.
 
The first event is typical of many evening eventgs in which an 
enhanemren't in the proton flux is observed prior tgo the electron 
enhancement. See Figuare 4-caption for.the detec'tor energy ranges. 
Another feature observable most clearly in Figures 4 and 5 is a decrease 
- in the flux of low-energy electrons which seems to be associated with the 
increase of the more energetic electrons at about 04 hours UT. This sequence
 
was not invariably found to occur but a similar effect was seen in 
a signif­
icant number of the evening and midnight events and may represent a structural
 
feature of the inner edge of the plasma sheet or be the result of an acceler­
ation or redistribution process occurring during the substorm.
 
The first of the two events shown in each of Figures 4 and 7 are sub­
storms in which only soft electrons are observed. Both of these events began
 
in local evening and may represent cases in which the plasma sheet inward
 
motion was not sufficient for the satellite to completely cross the boundary.
 
This is consistent with the model of Vasyliunas (1968) in which the "equili­
brium position" of the inner edge of the plasma sheet is at a greater radial
 
distance in local evening than neaimidnight.
 
The proton fluxes generally showed less dramatic variations during iso­
lated substorms on relatively quiet days than did the electrons. Especially
 
during the midnight and morning events, they were often relatively unaffected
 
as illustrated in Figures 6 and 7. On some occasions there was a general broad
 
depression throughoutthe period of the enhanced electron fluxes. This charac­
teristic of the protons was unually most clearly evident in CFP-C (E> 38 keV).
 
(See Figures 4 and 5.) In about half of the evening and midnight events, a
 
signature in CFP-C similar to the one at 04 UT in Figure 4 was seen, i.e., 
an
 
initial decrease followed by a relatively rapid increase. The time scale of
 
these signatures was of the order of one hour. This signature bears a remark­
able resemblance,to the signature in the H component of the magnetic field
 
observed'on ATS-1 in' coincidence with the onset of the expansive phase of
 
auroral substorm (Cummings e1 al., 1968). Winckler (1969) reported similar
 
signatures in the electrons with energy above 50 keV on ATS-1 and noted that
 
they were probably due to a radial motion of drift shells With respect to
 
the spacecraft since they accompanied similar variations in the local mag­
netic field. The most consistent characteristic of the protons, however, was
 
an enhancement of the flux prior to the onset of the evening events. 
An ex­
ample of this is seen at about 23 UT in Figure 4 and about 03 UT in Figure 7.
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The great majority of the evening events showed such an enhancement, but it
 
was generally not observed in the midnight and morning events. This observa­
tion is probably related to the similar asymmetry in the magnetic field
 
depressions accompanying substorms observed with the ATS-1 magnetometer by
 
Cummings et al. (1968). It should be noted that the energy density of the
 
observed proton flux was generally substantially higher than that of the
 
electrons and they therefore have a more important effect on the local
 
magnetic field. These observations are consistent with the concept of the
 
asymmetric injection of ring current protons during substorms that has been
 
inferred from ground observations (Davis and Parthasarathy, 1967; Akasofu,
 
1968; Davis, 1969). These latter studies have also revealed a partial de­
crease in ring current protons near local midnight associated with some
 
substorms which may be related to the general broad depression described
 
above.
 
Quasi-Periodic Oscillations
 
There is a considerable current interest in wave-particle interactions 
in the magnetosphere. Among the effects to be expected from these interac­
tions is a quasi-periodic modulation of particle flux intensities under cer­
tain conditions., Such characteristics of those particle modulations as
 
frequency, energy dependence, time correlation between ion and electron
 
modulations, duration of modulations, and local time and magnetic activity
 
dependence can aid considerably in identifying the type of interaction or
 
instability responsible. For this reason, we have made a preliminary exam­
ination of approximately one month's data from the Lockheed instrument in a
 
search for quasi-periodic particle flux modulations. A paper on the results
 
was presented at the annual meeting of the American Geophysical Union
 
(Shelley et al., 1970). This preliminary search was accomplished by scanning
 
the raw analog outputs from the eleven detectors on the medium-speed survey
 
plots as described in our first quarterly report. Because of the method em­
ployed here, the decision as to what did or did not constitute a quasi-per­
iodic event was somewhat subjective; however, some approximate specifications
 
and limits of amplitude and frequency sensitivity can be stated. To be
 
observable, the oscillatory period had to fall in the range from about
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thirty seconds to ten or twenty minutes ,with a minimum amplitude ranging from
 
ten percent to thirty percent depending somewhat on the absolute flux and
 
the period. In addition we have required that three or more cycles of nearly
 
constant period be observable in a single detector.
 
The quantity of data studied to date is not adequate to justify a detailed 
statistical analysis, but it will be useful to present some general features 
of these data. Within the bounds stated above, at least one "event" was 
observed on at least half of the days examined. The observed periods varied 
over the entire range of sensitivity but were predominantly in the one- to 
five-minute region. The amplitudes ranged from about ten percent to as high 
as a factor of five or greater peak-to-valley ratios. Events were observed 
at all local times, but were somewhat less frequent in the noon-to-dusk 
quadrant. Modulations were observed for all electron energies from 1 to 50 
keV and in all proton detectors, but most frequently in the 1-to 5-keV elec­
trons and > 38-keV protons. The electron and proton fluxes were observed to 
oscillate out of phase at some times and in phase at other times. This was 
also true for the different energy electrons. 
An example of the type of raw data which was scanned for "events" is 
shown in Figure 8, the event of interest begins at about 0650 UT and is seen 
most strongly in CFP-C and CME-B. This event, as shown in more detail in 
Figure 9, is a good example of an out-of-phase relationship between the 
high-energy proton and low-energy electron flux modulations. Figure 1, which 
was discussed previously is an example of strong flux modulations in the 
high-energy protons with no apparent correlated effect in the electrons.
 
This is shown in more detail in Figure 10. 
Because a large fraction of the plasma energy is within the spectral
 
range covered by the Lockheed experiment, these measurements are particularly 
useful as tests of theoretical models. When combined with complementary
 
measurements, such as on-board magnetic field measurements and correlated 
ground-based observations, their value is further enhanced. One such event
 
has been examined in detail by Cladis (1970) and interpreted as being due to
 
a drift-wave resonance. The output from one low-energy detector together
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Figure 8 Typical analog data from six detectors in the form used to 
scan for quasi-periodic events. Such an event is seen at 
approximately 0650 UT in OME-B and CFP-C. 
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Figure 9 A detailed plot of the quasi-periodic event shown in Figure 8. 
Of particular interest is the out-of-phase relationship between
 
the high-energy proton and the low-energy electron flux modula­
tions.
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Figure 10 Detailed high-time resolution plot of the high-energy proton
 
flux modulations observed during and after the magnetopause
 
encounter on day 272 (1969) at about 1732 UT. The correspond­
ing responses of the other detectors during this event are
 
shown in Figure 1.
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with the horizontal component of the Great Whale River rapid run magneto­
meter is shown in Figure 11. At this time the foot of the field line passing
 
through the satellite was traced to a point 1160 km west and 50 km north of
 
the Great Whale River station.
 
Coordinated Observations with NASA 1969 Airborne Auroral Expedition
 
A subgroup of the data which will be of considerable interest are the
 
six nights on which coordinated observations were obtained by the NASA 1969 
Airborne Auroral expedition. A preliminary intercomparison of the data has 
been performed with some of the experimenters on that expedition and the 
results look highly promising. The ATS-5 data from the Lockheed auroral 
particles experiment on the night of 27 November 1969, during which coordin­
ated observations were obtained, was presented in a paper by Johnson and
 
Sharp (1970) at the"Symposium on Recent Auroral Expeditions and Coordinated 
Satellite Measurements at the annual Meeting of the American Geophysical 
Union on 20 April 1970. 
PROGRAM FOR NEXT REPORTING INTERVAL 
We will continue our analysis along the lines outlined in our post­
launch data analysis plan as submitted on 15 October 1969. 
CONCLUSIONS AND RECOMENDATIONS 
The experiment is continuing in its highly successful operation. The 
analysis is proceeding according to plan and a large amount of significant 
data is being accumulated. Preliminary analysis in several specific areas 
is revealing many interesting characteristics of the low-energy particle
 
environment at synchronous altitude. 
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Figure 11 	 quasi-periodic flux modulations of low energy electrons observed 
at synchronous orbit. The H component of the Great Whale River 
rapid run magnetogram is also shown. This event was analyzed by 
Cladis (1970) as a. drift-ave resonance. 
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ABSTRACT 
A unique low-energy (0-50 keV) electron accelerator has 
been developed which provides a broad; parallel, low-intensity
 
electron beam with excellent long-term stability. The beam
 
intensity is approximately 106 electrons-cm -se and the
 
long-term stability is better than 2% per day. A prototype
 
of this accelerator is described and the results of its appli­
cation to instrument calibration and channel electron multiplier
 
(CEM) efficiency measurements are presented. The absolute 
electron detection efficiency for CEM's was found to vary from 
90% ± 15% at 1 keV to 73% ± 10% at 14 keV. The large disagree­
ment among the various published measurements of CEM detection 
efficiency is discussed. 
I. INTRODUCTION
 
In connection with two recent satellite experiments on auroral particle
 
precipitation, the necessity arose to perform an absolute calibration of some
 
pulse-counting low-energy electron spectrometers which utilize channel
 
electron multipliers (CEM's) for particle detection. The calibration pro­
cess placed some unusual constraints on the characteristics of the required
 
electron beams., For the instruments under consideration, the energy range
 
of interest was typically from less than one keV to about 50 keV and an
 
energy resolution-of a few percent was adequate. The required electron
 
beam intensity was between 105 and 107 electrons-cm-2-sec-1 with fine
 
scale (0.1 rm)-uniformity of the order of 10% over a one-cm2 
area.. Beam
 
stability, both long term and short term, was of particular importance in
 
the performance .of these calibrations. It was required that the beam
 
intensity not vary by more than a few percent over time scales ranging
 
from less than one second to several hours. In addition, because of the
 
small acceptance angles of many of the spectrometers, the maximum accept­
able beam divergence was on the order of one degree.
 
In our experience, we have found that most simple electron guns do not
 
meet all of these requirements;-however, in the next section of this paper
 
we discuss a relatively simple system which does meet the requirements listed
 
and we describe a prototype of the system which we have ,built and tested.
 
In Section III we present the results of the measurements on the beam
 
characteristics 6f the prototype system, and suggest possible changes for
 
a future model. Ih Section IV, two applications of the prototype system
 
are discussed; first, the measurement of the absolute efficiencies of
 
channel electron multipliers for the detection of electrons in the energy
 
range of the prototype system and'second, the calibration of electron
 
spectrometers(1 ,2 ) which were flown on the ATS-5 and OVl-18 satellite,.
 
II. THE ACCELERATOR SYSTEM
 
The above beam requirements can be met with a simple-parallel field
 
accelerator without a lens system by employing a large area electron source
 
which has the homogeneity and stability required of the final beam. We
 
chose a radioactive beta source because it is simpler -andmore reliable
 
than conventional sources, such as thermionic or photoelectron sources.
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Normally, monoenerfetic electrons are obtained from a beta source by select­
ing a narrow energy band from the continuum by either magnetic or electro­
static analysis without further acceleration. In the system described here 
the secondary electrons produced in a "thick" beta source were used in much 
the same way that electrons from a thermionic source would be used. These 
secondaries were accelerated to the desired energy and the undesired primaries 
were "filtered" out of the beam by electrostatic "mirroring". 
A schematic diagram of a prototype system which has been built and oper­
ated is shown in Figure 1. The source and all electrodes are mounted in an 
aluminum tube 12 cm in diameter by 60 cm in length. The source, S, is a 
1.9-cm diameter disc containing 3 Curies of tritium adsorbed in a thin 
(I mg/cm2 ) layer of titanium evaporated on a platinum backing3)The repeller 
grid, R, the acceleration grid, A, and the the mirror grids, M1 and M2, are 
covered by a 96% transmission metallic mesh to precisely define the respective 
potential surfaces. The mirror consists of two parallel mesh electrodes 3 cm 
by 10 cm and separated by 1.3 cm. The mirror is mounted at 45 to the tube 
axis so that the beam is reflected by 90o and leaves the tube through a 2-cm 
diameter aperture in one side. The first electrode, Ml, is a ground reference 
plane so that the field is uniform over the entire mirror. To minimize back­
grounds due to scattering in the tube, there are several baffles in the drift 
space between A and M1 . A magnetic shield surrounds the entire tube to
 
reduce the ambient magnetic field in the region of the electron beam. The
 
entire system together with a mechanism for positioning the instruments to be
 
calibrated, is enclosed in a vacuum chamber which maintains a pressure of
 
-
less than 10 6 torr during operation.
 
The repeller grid, R, serves two purposes: first, it provides a drift
 
space between the source and the accelerating section; and second, it defines
 
a precise, flat potential surface for the beginning of the accelerating section.
 
The repeller is normally operated at the same potential as -the source and the
 
drift space smooths out any intensity variations over the surface of the
 
source. The beam intensity can be reduced by applying a small negative
 
potential to the repeller relative to the source. This also improves the
 
3 
BEAM LINE ----- , 
LSM2 
FIGURE 1. 	Schematic of electron accelerator. S = Tritium (Titanium)
source; R = Repeller grid; A = Acceleration grid; M1 = Mirror 
ground plane; M2 = Mirror reflecting grid. 
homogeneity of the beam at the surface of the repeller. The bottom surface 
of the repeller and the top surface of the accelerating electrode are made 
flat and parallel to provide a uniform, parallel accelerating field over 
the entire beam cross section. Similarly, the adjacent surfaces of MI and 
M2 in the mirror are flat and parallel. Any irregularities in either of these 
electrode pairs would result in inhomogeneities in the final beam.
 
Each electron entering the region between A and R in Figure 1 is acceler­
ated to an energy E = Eo + Vq, where E0 is the energy it had at the source, 
V is the potential of the source relative to ground and q is the electronic 
-2 will be reflectedcharge. All electrons having an energy E < VMq (cos 0)
 
from the mirror through an angle 20, where e is the angle between the velocity
 
and V is the re­vector of the incident electron and the inward normal to M 

-22 m
 (cos e) will not be reflected
tarding potential on M2 . Electrons with E > VMq 
but will pass through M2 . In the system described here the beam is reflected 
through 900 (i.e., 6 = 450). All secondaries with E0 - Vsq are reflected by 
2(V +Vs) while all primaries with Eo > Vsq are transmitted. a potential VM = 

since approximately
In practice, VM is set slightly greater than 1(V + Vs) 
° 
half of the beam is incident at an angle slightly less than 45 . 
If there is approximately one secondary produced for each primary (as
 
the number of electrons per unit energy interval
discussed in Section III), 

in the secondary peak will be much greater than in the primary continuum.
 
In addition the initial transverse momentum of most of the primaries is
 
sufficient to cause them to continue to diverge significantly even after
 
they have been accelerated, while the secondaries are moving nearly parallel
 
to the tube axis after acceleration. The combination of these two effects
 
leads to the result that the reflected beam intensity is quite insensitive to
 
the mirror voltage provided VM > 21(V + V,). The characteristics of the beam 
and their dependence on various parameters are discussed in Section III. 
The high voltage for both the source and the mirror were supplied from
 
a single source to minimize the effects of voltage drift and ripple on the
 
The voltages were varied relative to one another by high-voltage
beam. 

Breakdown of the high-voltage vacuum
potentiometers and divider networks. 

feed-through limited the operation of the prototype system to below 14 kV.
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III. BEAM CHARACTERISTICS 
A. Instrumentation 
The energy and angular distribution of the beam were measured with a
 
parallel plate, retarding potential analyzer which employed a CEM( 4 ) as a 
detector. The angular acceptance of the analyzer was 40 (full angle) 
during the energy measurements and 0.450 (full angle) during the angular 
significantlymeasurements. As .discussed below, the 40 acceptance angle was 
larger than the angular divergence of the beam. The analyzer was mounted on 
a compound motion mechanism which made it possible to scan linearly across
 
the beam and obtain an angular scan with an accuracy of 0.10 at each point
 
in the beam.
 
The beam intensity profile was measured in a plane perpendicular to 
the beam axis by means of a CEM collimated to 0.025-cm diameter, mounted on 
a two-axis translation system. The absolute integrated intensity was meas­
2 
ured by means of a Faraday cup with an aperture of about 1 cm . The Faraday 
cup was moved into and out of the beam alternately with the other instruments. 
The Faraday cup consisted of a deep aluminum cup enclosed within a grounded 
shield and preceded by a variable potential secondary electron suppressor
 
electrode. The beam entering the cup was collimated by a grounded aperture
 
preceding the suppressor. The cup was operated at ground potential and the
 
current was measured on an electrometer.
 
The Faraday cup worked satisfactorily for electron energies of 2 keV and
 
greater, i.e., the current showed no significant dependence on suppressor
 
potential beyond a few volts and measurements were reproducible. Below 2 keV,
 
however, the collector current had a significantly greater dependence on the
 
suppressor potential and led to greater uncertainties in the current meas­
urements. Above 2 keV the current was on the order or 10-13 amps and the
 
- 14background noise was on the order of lO0 amps. To eliminate errors re­
sulting from the fluctuations in background, the currents were recorded
 
continuously for periods of about fifteen minutes and the averages were
 
calculated from those records. The resultant error in net current was
 
estimated to be approximately ± 5% for energies above 2 keV.
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B. Results 
The energy range available with the prototype version of the system
 
was - 1 to - 14 keV. Below 1 keV the effect of ambient magnetic fields on
 
the beam became too strong and made the intensity fall off rapidly. The
 
upper energy limit was set by the high-voltage feed-throughs of the vacuum 
system, as mentioned previously in Section II. Neither energy is, however, 
considered to be a fundamental limit of the system. With improved magnetic 
shielding and different high-voltage feed-throughs, it should be possible to 
extend the available range to meet the design requirements of 0.5 keV to 50 keV. 
At each energy above 2 keV, the maximum beam intensity was about 3 x 10+6 
electrons/cm2-sec. At 0.75 keV, because of the effects of magnetic fields, 
the maximum intensity amounted to only 25% of this value. The intensity 
available is, of course, dependent on the strength of the tritium source; 
the present source (3 Curie) probably represents a maximum, since only a 
small fraction of the beta particles emitted by the tritium have sufficient 
energy to reach the surface. A thicker source would not be useful, but an
 
improvement in the tritium-to-titanium ratio would increase the available
 
intensity. It may also be possible to increase the intensity by evaporating 
a thin layer of some material with a high secondary emission ratio over the
 
surface of the source; this could, however, lead to inferior long-term sta­
bility. With the present system, the beam intensities were very stable in
 
time for all energies. Variations of about 2% over periods of several days
 
were typical.
 
The beam was found to be constant in intensity within about ± 10% over a 
one-cm diameter cross section. The deviations observed are thought to have 
resulted primarily from focussingf effects introduced by variations Prom flat­
ness in the mirror meshes. Considerable improvements in the control of' these 
surfaces are feasible.
 
The angular divergence of the beam was < 20 full width at the 10% inten;­
ity levels, being largest for the lowest energies. The beam direction varied 
by about 10 within one-cm distance across the beam and at a fixed position, 
by about 1.50 over the available energy range. The latter probably resulted 
from the ambient magnetic field. 
6 
The measurements of the energy distributions showed that the beam was 
monoenergetic within 5% BWHM. This result represents only an upper limit,
 
since the resolution of the retarding potential analyzer itself was of this 
order. The results also showed that the contribution to the beam by high­
energy particles (e.g., primary electrons, scattered by the mirrors) was 
only about 0.1%. 
The energy distribution of the beam before it is analyzed by the mirror 
was obtained by putting the retarding potential analyzer into the tube. The 
results showed that the intensity of the nearly monoenergetic secondary peak 
was about 100 times greater than the integral intensity of the primaries at 
the mirror position. This is consistent with the result that the primaries 
contribute only about 0.1%of the intensity in the reflected beam. 
Based on these measurements the ratio of secondaries emitted by the 
source per each primary into the solid angle of interest here was estimated 
to be approximately one. This means that the intensity ratio as measured (100) 
is a consequence of the different angular divergence of the two kinds of
 
particles, as discussed in Section II.
 
One possibility for extending the energy range of this system is to
 
use the present unit as a source operated at a few keV extraction potential
 
and either post-accelerate or decelerate the exiting beam in a multi-electrode
 
parallel plate tube by floating this source at the desired potential.
 
IV. APPLICATIONS
 
A. Chanel Electron Multiplier Efficiencies
 
The accelerator and other apparatus described above were used to measure 
the absolute detection efficiencies of two CEM's(S ) for electrons in the
 
energy range from 1 keV to 14 keV. The detector configuration Lor one of' 
the CEM's is shown in Figure 2. The CEM's in this conriguration were u;;el 
to scan the electron beam in a plane perpendicular to the beam axis at 
each energy. The two-dimensional matrix of the beam intensity profile thus
 
obtained was integrated over the region of the beam intercepted by the Faraday
 
cup. The absolute efficiency was determined from the ratio of this integral
 
and the Faraday cup current measurement.
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FIGURE 2. 	Schematic of experimental setup for CEM efficiency
 
measurements. Helical CEM (S-126) shown.
 
The 0.05-cm ID helical CEM (S-126) was collimated by a 0.025-cm 
diameter aperture and the larger, 0.1-cm ID, CEM (3-128) was collimated
 
by a 0.05-cm diameter aperture. The angle of incidence for S-126 was 
approximately 110. For CEM (J-128) the incidence angle was near 00, but 
a small magnet approximately 0.5 cm down from the entrance aperture de­
flected all incident electrons into the wall at that point. As indicated 
in Figure 2, the collimating aperture directly in front of the CEM was 
normally operated at -30V to suppress any secondary electrons produced 
in the vicinity of the CEM. This aperture was preceded by a larger 
aluminum aperture which was grounded. The possibility of defocussing 
resulting from the repelling potential was investigated by varying the 
potential over a large range, OV to -300V, and observing the change in 
pulse rate. The difference in pulse rate between -30V and -300V on the 
front aperture was negligible (< 1%) at 5 keV and at 1 keV the pulse rate 
was reduced by 12% at -300V. On the basis of these results, it was esti­
mated that the error introduced by defocussing could not have exceeded 3%
 
for any energy covered.
 
As stated previously, the estimated error in the absolute Faraday
 
cup current measurement was ± 5%; however, the relative error between 
measurements at different energies is expected to be less. Furthermore,
 
because of the simplicity of the beam optics in the accelerator, one would
 
expect only a very weak energy dependence in the beam intensity for energies
 
above those affected by the ambient magnetic field. In fact, the current
 
changed less than 10% between 2 keV and 14 keV; this increases the confidence
 
in the relative efficiency measurements. The only other significant contri­
bution to the uncertainties in the efficiency measurements was the uncertainty
 
in the effective area of the collimating apertures. These errors were esti­
mated to be less than 10% for the 0.025-cm diameter aperture on the S-126
 
CEM and 5% for the 0.05-cm diameter aperture on the J-128 CEM. It should
 
be pointed out that this uncertainty would not show up in the relative ncas;­
urements for either CEM, but would. affect the relative measurement: hctwer:nr 
CEM's and the absolute measurements for both.
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Figure 3 shows our present results together With all known published
 
results of efficiency measurements in the energy range covered.(6-12) The
 
shaded area around our results covers the estimated probable error range in
 
the absolute efficiency. For purposes of clarity, not all data points of
 
other experimenters have been included, but only those felt necessary to
 
clearly indicate their results. Error bars have not been included for
 
most data points to avoid confusion. We have tried to indicate the uncer­
tainties quoted by each experimenter at a sufficient number of .places to
 
permit a judgement of the significance of disagreement between measurements.
 
The lines drawn between points are only to aid the eye in following the
 
results of a single experimenter.
 
It is clearly seen that over most of the energy range covered the
 
magnitude of disagreement is large compared to the variations expected on
 
the basis of the quoted uncertainties. If we assume that the absolute
 (6)
uncertainties in the results of Evans are comparable to ours, we are
 
just in agreement within the probable errors. Further, the relative energy
 
dependence, as determined in the two cases, is strikingly similar and dis­
tinctly different from the results of most other experimenters. Also,
 
though there is no energy overlap, our extrapolated curve is in reasonable
 
agreement with the results presented by Schmidt. 1l1,12) Beyond this, the
 
agreement among experimenters is very poor.
 
An important consideration in intercomparing results of the type shown
 
in Figure 3 is that the experimental setups and techniques varied greatly
 
from experiment to experiment; and, as a result, the specific definition of
 
the CEM efficiency could vary from experiment to experiment. As an example,
 
Frank(lO) defines his results as "instrumental efficiency"; this may differ
 
from the "intrinsic efficiency" of the multipliers. We have attempted to
 
measure the "intrinsic efficiency"; however, the possibility remains that
 
the intrinsic efficiency could depend upon such parameters as angle of
 
incidence and multiplier potential gradient. We have found in various
 
experimental configurations that the apparent efficiency does depend
 
strongly on the front end bias as it affects beam focussing and the sens­
itivity to secondary electrons produced in the vicinity of the sensitive
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FIGURE 3. Absolute channel electron multiplier efficiency measurements as a function of electron energy. All 
known measurements which have been published for zhis energy region are included. The cross-hatched 
area represents our estinate of the probable range of the absolute efficiency based on the present 
work.
 
area of the CEM. Finally, the possibility remains that there are gross 
differences in the intrinsic efficiencies of CEM's depending on their 
geometry, manufacturing processes and handling. 
As a first order check on the variability of CEM's, we have made crude
 
relative efficiency measurements of 32 different CEM's by exposing them
 
- - 63 
directly to a standard, calibrated Ni source with no spectral analysis
 
other than a -30V bias to suppress secondaries. This source covers the
 
The geometry for these measurements was
energy continuum from 0 to 63 keV. 

similar to that shown in Figure 2. The multipliers were of various types,
 
including some standard production multipliers(1
3 ) in addition to the two
 
types of special CEM's described above and all were encapsulated. Some of
 
The col­these multipliers had funnel type front ends and others did not. 

limating apertures in front of the multipliers ranged from 0.025-cm diameter
 
to 0.30-cm diameter. Some of the measurements were performed in ion-getter
 
pumped vacuum systems .at less than 10-9 torr and others were performed in
 
oil diffusion pumped systems at l0 5 torr. The estimated uncertainties in 
The total range
intercomparing all the measurements was approximately 15%. 

of the results was ± 30% about the mean. Some systematics were apparent. 
The variation among CEM's of one type were generally not greater than our 
uncertainties and were considerably less than variations between CEM's of
 
different types. When a large fraction of the area of a funnel-type CEM 
was exposed, the relative efficiency was significantly lower than when only
 
a small fraction of the area near the center was exposed. In the latter
 
case, the efficiency was generally consistent with the non-funnel CEM's.
 
Within the accuracy of these measurements there was no dependence on the
 
history of the multipliers or the type of vacuum system in which the meas­
urements were performed.
 
We conclude from our measurements that the variations in efficiency
 
shown in Figure 3 would not be expected to occur among CEM's of the same
 
type when operated in the same configuration. Further, straight (non­
funnel) CEM's of different types, when collimated to uniquely define their
 
sensitive area, would not be expected to show variations in efficiency of the
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magnitude reported. However, our relative average efficiency measurements
 
and other observations of the sensitivity of the apparent efficiency to
 
details of the experiment lead us to conclude that the CEM electron detec­
tion efficiency is not unique unless the experimental conditions are spec­
ified. We feel that the variations we observed are consistent with the­
variations reported, particularly when we consider the fact that our 
relative efficiency measurements were averaged over the Ni63 spectrum. 
Because of the apparent sensitivity of these measurements to the experi­
mental conditions, it would be valuable if in the future all experimenters 
reported "intrinsic efficiency" insofar as it is possible to define this
 
quantity.
 
B. Calibration of an Electron Spectrometer
 
The main purpose for the electron accelerator was to provide an elec­
tron beam for calibrating magnetic spectrometers designed to measure spectra 
of auroral electrons on the ATS-5 and OVU-18 satellites. The spectrometers 
consist of stacks of individual instruments, each sensitive in a certain 
energy range (defined by the field strength of an analyzing magnet) over 
an angular range of about 80 by 100- . CEM's served as the elettron detectors. 
(1,2)

The spectrometers are described in detail elsewhere. At each particular 
energy the instrdments were exposed to the beam over the whole range of 
angular response. Integrating the response over all angles(in two dimen­
sions) and normalizing to the beam intensity as measured by the Faraday cup, 
gave the responsb function of the instruments versus energy. Figure 4 shows 
an example of such a response curve for one of the instruments. 
In a comparison of the results obtained for five different instruments
 
over the range 1 keV to 14 keV-, it was found that the response curves agree
 
very well when corrected for CEM efficiency and the normalized energy scale,
 
E/B 2 , is used (B is the-average field strength of the respective magnets).
 
This behavior isexpected on theoretical grounds and therefore increases
 
our confidence in the CEM efficiency measurements.
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For complete description of the spectrometer see Ref. (1). 
ACKNOWLEDGMET
 
The authors would like to thank Dr. R. G. Johnson for his many
 
contributions throughout the course of these experiments.
 
FOOTNOTES 
t Work supported in part by the National Aeronautics and Space Adminis­
tration under Contract NAS 5-10392, by the Defense Atomic Support 
Agency and Office of Naval Research under Contract NOnr 3398(00), and 
by the Lockheed Independent Research Program. 
* Lockheed Palo Alto Research Laboratory visiting scientist under 
Scientist Exchange Program. 
1 R. D. Reed, E. G. Shelley, J. C. Bakke, T. C. Sanders 
McDaniel, IEEE Trans. Nucl. Sci., NS-16, 359 (1969). 
and J. D. 
2 M. F. Shea, G. B. Shook, J. B. Reagan, L. F. Smith and T. C. Sanders, 
IEEE Trans. Nucl. Sci., NS-14, 96 (1967). 
3 Obtainable from Isotopes Development Center, Oak Ridge National 
Laboratory. 
4 The electron multiplier used here was a special Bendix channeltron 
of the type described in Ref. 1. 
5 One of the CEM's (J-128) was a Bendix channeltron similar to Type 4010, 
but having a straight section preceding a 1800 curved section. The 
other CEM (S-126) was of the special configuration described in Ref. 1. 
It has a 0.5-mm ID and is in the form of a helix. 
6 D. S. Evans, IEEE Trans. Nucl. Sci., NS-12, 34 (1965). 
7 J. M. Bosqued, H. Reme, Nucl. Inst. and Meth., 57, 6 (1967). 
8 J. R. Sharber, J. D. Winningham and W. R. Sheldon, IEEE 
Sci., NS-15, 536 (1968). 
Trans. Nucl. 
9 A. Egidi, R. Marconero, G. Pizzella and F. Sperli, Rev. Sei. Inst., 40, 
88 (1969). 
10 L.A. Frank, N. K. Henderson and R. L. Swisher, Rev.,Sci. Inst., 40, 
685 (1969) 
11 K. C. Schmidt, Bendix Electro-Optics Division, Technical Applications 
Note 9803 (1969) - to be published elsewhere under authorship of B. 
Klettke and N. D. Krym. 
12 B. Klettke (private communication). 
13 Bendix CEM-4010 (Electro-Optics Division). 
PRELIMINARY RESULTS O A LOW-ENERGY PARTICLE
 
SURVEY AT SYNCHRONOUS ALTITUDE
 
R. D. Sharp, E. G. Shelley and R. G. Johnson
 
Lockheed Palo Alto Research Laboratory
 
Palo Alto, California 94304
 
and
 
G. Paschmann*
 
Max-Planck-Institut fur Physik und Astrophysik
 
Institut fur Extraterrestrische Physik
 
Garching, Germany
 
ABSTRACT
 
A preliminary analysis of the data from the first few weeks operation
 
of the Lockheed auroral particles experiment on ATS-5 has revealed some
 
interesting characteristics of the low-energy particle environment at
 
synchronous altitude during magnetically quiet times. The most prominent
 
feature of the data is the occurrence of enhanced electron fluxes during
 
local night in association with magnetic bay activity as observed on
 
ground magnetograms. A tentative description of some of the "signatures"
 
of these magnetospheric substorm events is presented based on the limited
 
body of data which has currently been-analyzed. The results of a pre­
liminary statistical study of some of the electron plasma properties are
 
compared with published data from a low-altitude polar satellite and with
 
measurements made deep in the magnetospheric tail. The results are con­
sistent with a model of magnetospheric convection in which auroral elec­
trons are adiabatically compressed as they are convected inward.
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PRELIMINARY RESULTS OF A LOW-ENERGY PARTICLE 
SURVEY AT SYNCHRONOUS ALTITUDE 
I. INTRODUCTION 
ATS-5 was launched on 12 August 1969 and placed in a near synchronous
 
orbit. It contains an experiment designed 
to perform a survey of particle 
fluxes of auroral energies in the vicinity of the loss cone. 
The experiment
 
consists of eleven individual detectors each of which measures protons or
 
electrons in a specific energy interval spanning the range from about one­
half to several hundred keV. Primary emphasis was placed on the region below
 
50 keV which contains most of the auroral particles. This short note is a
 
preliminary report of some -of the early results, primarily from four of the
 
electron detectors. Each of these detectors 
measures electrons in a broad 
differential energy band as indicated in Table I. 
They each consist of a
 
permanent-magnet spectrometer which utilizes 180 
deflection in order to
 
obtain uniform sensitivity over a wide energy interval. 
Specially designed
 
channel multipliers positioned at the focal points of the spectrometers
 
serve as sensors. 
The set of the four detectors covers the energy region 
from 0.65 to 53 keV in nearly contigucus channels so that electrons with 
energies anywhere in this range will be detected. The four channels are
 
sampled essentially simultaneously (i.e., within a time interval short 
compared to the time constants of their ratemeters) twice per telemetry
 
sequence of 5.12 seconds. Two of the channels are also sampled more
 
frequently but this higher time resolution data will not be discussed here.
 
The primary proton information 
is obtained from a set of foil threshold
 
TABLE I 
Energy Ranges of Detectors
 
Channel Name Particle Energy Range (keV) 
CME-A e 0.65 - 1.9 
CME-B e 1.8 - 5.4
 
CME-C 
 e 5.9 - 17.8 
cME-D0 17.4 - 53 
> 7CFE e p > 15
 
CFP-A p > 5
 
CFP-B 
 p > 15'
 
CFP-C p > 38
 
>8MoCFP-D P (Background) 
CFP-2 p > 15 
CMP p 0.7 - 2.3 
detectors using channel multipler sensors and magnetic brooms to sweep out
 
electrons. The detectors which will be utilized for this report had thres­
holds of approximately five, fifteen and 38 key for protons. 
The instrument
 
also contains an in-flight calibration system to monitor the calibrations
 
of the ratemeters and to detect any possible degradation in the performance of
 
the channel multipliers due to gain fatigue. 
A detailed description of the
 
instrument and the results of a study of the long term reliability of.the
 
channel multiplier sensors has been presented (Reed,, et al., 1969) and a
 
description of the procedures used for the calibration of the electron
 
channels will be published shortly (Paschmann et al.). Table I gives the
 
energy ranges of the eleven individual detectors.
 
II. OBSERVATIONS AND GENERAL FEATURES OF THE DATA
 
At the time of this writing, preliminary data from approximately
 
twenty days operation of the experiment are available and have revealed
 
some interesting features of the particle environment at 6.6 
 Because
 
of the great-current interest in the characteristics of magnetospheric
 
substorms and in the properties of the inner edge of the plasma sheet, it
 
was felt that a preliminary report of some of these results would be useful
 
at this time.
 
During the early phase of the experiment, the satellite was tumbling
 
such that the detectors were sampling almost the entire range of pitch angles.
 
The spin rate was comparable to the 
time constants of the ratemeters, so the
 
results represent a rough average over pitch angle which we are considcrinj
 
as an approximation to the omnidirectional flux. At a later time, the
 
satellite was spin stabilized about an axis roughly parallel to the look 
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direction of the detectors, and to the Earth's spin axis, so that a survey
 
of the auroral fluxes in the vicinity of the loss cone was performed. This
 
latter data was not different in character from the data from the earlier
 
period and it has all been considered together for the purpose of this pre­
liminary analysis. 
Figure 1 shows eight days data from some of the detectors
 
during the early phase of the experiment. The satellite was drifting slowly 
in longitude and so the local time scale varied somewhat from day to day. 
Local midnight and noon have been indicated for each day in the figure. 
The most obvious feature in the data illustrated is a sharp increase in 
the electron flux, most often beginning near local midnight, and usually 
of several hours duration, during which the electron fluxes were often struc­
tured and relatively intense. These "events" have been found to be character­
istic of all the non-storm time data examined so far. On relatively "quiet" 
days (such as those illustrated) there are usually only one 
or two such events
 
and their features are more readily separable. Occasionally, but rather
 
infrequently, there are no events. 
The "events" have been found to be
 
generally associated in time with magnetic bay activity (polar magnetic sub­
storms) observed on ground magnetograms from auroral zone observatories 
located at a longitude close to the foot of the field line.
 
Vasyliunas (1968) and Frank (1968) have reported the presence of the
 
inner boundary of the plasma sheet in the region of the magnetosphere
 
sampled by ATS-5 in the late evening and near-midnight hours. It is charac­
terized by an abrupt decrease in the average energies of the low-energy
 
electrons with decreasing radial distance. Vasyliunas fround that this
 
boundary moved earthward during periods of magnetic bay activity. We 
interpret our "events" as most likely being due to crossing of this
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Figel: Data from the period 28 August through 4 September 1969. The energy ranges of the detectors
are given in Table I. 
The,approximate differential electron number fllxes (eleptrons/cm -sec­
ster-keV) can be obtained by multiplying the CNE count rates by 6 x 10 3 x 10, 7 x lO3 and, 
3 x 03, respectively. The approximate integral proton number fluxes (&rotons/cm2
-sec-ster) 
can be obtained by multiplying the CFP-B and -C count rates by 3.7 x 10 and 2.4 x lO3, 
respectively. 
inner edge of the plasma sheet as it moves earthward during magnetospheric
 
substorms.
 
Approximately twenty events have been examined which occurred during
 
sufficiently quiet periods such that the features of an individual event
 
are relatively distinguishable. Their onset times spanned the period from 
dawn to dusk with six of them occurring within one-half hour of local 
midnight. Several "signatures" of these events are apparent even in this 
limited body of data and they will be qualitatively described in this
 
preliminary report with reference to the two rather "typical" events shown
 
in somewhat more detail in Figure 2 along with the associated ground magneto­
grams from two auroral zone observatories. Looking first at the event near
 
local midnight we see a time dispersion in the onset of the event between
 
the two electron energy channels, with the softer electrons being observed
 
first. This time dispersion was clearly observed in 13 of the 15 events
 
which began in local evening or near midnight, but was not a consistent
 
feature of the morning events, which often showed either no clearly identi­
fiable dispersion or a reverse dispersion with the hard electrons being
 
observed first. The observation of the soft electrons prior to that of the
 
harder electrons is consistent with the picture of an earthward motion of
 
the plasma sheet boundary and the observations of both Frank (1968) and
 
Vasyliunas (1968) who reported a soft inner edge to this boundary at local 
times in the evening and near midnight. The different effects seen in 
those events initiated in local morning may represent a change in the
 
character or the boundary with local time or be (,he result. of a lonitjLudJnad 
drift process similar to that reported for the h1jher enery +lecI~ror:: by 
PFitzer and Winckler (1969). (A radial electric ield would also have to
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be involved to allow the lowest energy electrons to overtake the satellite.)
 
Another feature observable in.this second event in Figure 2 is a decrease in the
 
flux of low energy electrons which seems to be associated with the increase of
 
the more energetic electrons at about 04 hours UT. 
This sequence was not in­
variably found to occur but a similar effect was seen in a significant number
 
of the evening and midnight events and may represent a structural feature of
 
the inner edge of the plasma sheet or be the result of an acceleration or re­
distribuLion process occurring during the substorm.
 
The first event shown in Figure 2 which began at about 23 hours UT was
 
one of two substorms in which only soft electrons were observed. Both of
 
these events began in local evening and may represent cases in which the
 
plasma sheet inward motion was not sufficient for the satellite to completely
 
cross the boundary. This is consistent with the model of Vasyliunas (1968)
 
in which the "equilibrium position" of the inner"edge of the plasma sheet is
 
at a greater radial distance in local evening than near midnight.
 
The synchronous orbit is located close to the position of the maximum ol' 
Ih.
 
(Iiiel. [JieI proIon ring current (Frank, 19'10). During the time period shown in 
Fig.ure 1, these fluxes are seen to be generally decreasing followinf, the small 
magnetic storm of August 26 and 27. There is no apparent diurnal assymetry
 
other than the transient effects associated with substorms.
 
The proton fluxes generally showed less dramatic variations during iso­
lated substorms on relatively quiet days than did the electrons. Especially
 
during the midnight and morning events, they were often relatively unaffected.
 
On some occasions there was a general broad depression throughout the period
 
of the enhanced electron fluxes. This characteristic of the protons was
 
usually mont clearly evident in CFP-C (E > 38 keV). (See 1igure I -day., 2110, 
21f1 and v';, . ) In about half of' the evening arid midnight events, a ":.iinaturo" 
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in CFP-C similar to the one at 04 UT in Figure 2 was seen, i.e., an initial 
decrease followed by a relatively rapid increase. The time scale of these
 
signatures was of the order of one hour. 
This signature bears a remarkable
 
resemblonce to the signature in the H component of the magnetic field observed 
on AT-.I in coincidence with the onset of the expensive phase of auroral sub­
storms (Cummings et al., 1968). Winckler (1969) reported similar signatures in 
Lje electrons with above on ATS-.l and noted that they wereenergy 50 keV probabJ 
(ue to a radial motion of drift shells with respect to the spacecraft since the) 
accompanied similar variations in the local magnetic field. The most consistent 
characteristic of the protons, however, was an enhancement of the flux prior
 
to the onset of the evening events. An example of this is seen at about 23:30
 
UT in Figure 2. The great majority of the evening events showed such an en­
hancement, but it was generally not observed in the midnight and morning events. 
This observation is probably related to the similar assymetry in the magnetic
 
field depressions accompanying substorms observed with the ATS-1 magnetometer
 
by Cummings et al. (1968). 
 It should be noted that the energy density of the
 
observed proton flux was generally substantially higher than that of the elec­
trons and they therefore have a more important effect on the local magnetic
 
field. These observations are consistent with the concept of the assynetric
 
injection of ring current protons during substorms that has been inferred from 
ground observations (Davis and Parthasarathy, 1967; Akasofu, 1968; Davis, 1969). 
These studies have also revealed a partial de6rease in ring current protons 
near local midnight associated with some substorms which may be related to the
 
genera"Ifiroad depression described above.
 
Some insight into the richness and complexity of the substorm phenomena
 
can be obtained b- examining an expanded time scale plot of the data from
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the heart of the event near local midnight in Figure 2. Figure 3 shows such a 
plot of the raw data from several of the detectors at the time of the CFP-C 
(E > 38 keV) "signature". The quantities plotted are volts output which 
are 
approximately proportional to the logarithm of the count rate of each detector. 
On this scale, the narrow CFP-C peak at about 04 UT in Figure 2 is transformed 
and on theinto the broad peak between 13800 and 14600 seconds UT in Figure 3, 

expanded scale one sees that there is a sharply rising, narrow peak preceding
 
it in CFP-C with almost no change in the response of the CFP-A (E > 5 keV).
 
sees
Simultaneously with this sudden "hardening" of the proton spectrum, one 

in the sense of a rapid dropa similar "hardening" of the electron spectrum 
in the outputs of the low energy channels with a corresponding rise in the
 
mind that the CFP's are integral detectorshigher energies. ' (One should bear in 
These 
while the CNE's each look at a differential segment of the spectrum.) 

fromlocal acceleration process resultingeffects could be the result of a 

of the substorm, or, alternatively,
some plasma instability at the heart 
they could be interpreted in terms of a radial movement of trapped particles
 
field fluctuation. Unfortunately the relevantin association with a magnetic 
at this time. Immediately follow­data are not availableon-board magnetometer 

several cycles of quasi-periodic oscillations in both
ing this event one sees 
They are most clearly evident in CME-A with a
the electrons and protons. 

one minute; however, a careful examination of theperiod of approximately 
CFP-C response in the region of the second broad peak will also reveal
 
several cycles of proton oscillations with a period of approximately 200 
seconds. The peak-to-valley modulation ratio reaches about 2.5 for the
 
CFP-C protons. Quasi-periodicCE-A electrons and about 1.4 for the 
oscillations of the type illustrated are a relatively common feature of
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Ft'ure 3: 	 Expanded scale plot of some of the raw data from an
 
interval near 04 hours UT in Figure 2.
 
the data examined so far although their relationship to the substorm and the
 
sudden hardening event seen in Figure 3 are not necessarily typical. A
 
study of the morphology of these fluctuations is in progress and will be
 
reported in a later publication.
 
III. SOME AVERAGE CHARACTERISTICS OF THE ELECTRON FLUXES 
A second area in which some preliminary results are presently available 
is in the average characteristics of the electron fluxes in the vicinity
 
of the inner edge of the plasma sheet. The convection model of the magneto­
sphere (Axford, 1969; Axford and Hines, 1961) predicts that plasma sheet
 
electrons are transported inward from the tail and energized by various
 
processes, such as for example betatron and Fermi acceleration to form the
 
source of the auroral electron fluxes. One would like to explore this
 
hypothesis by comparing the plasma properties at synchronous altitude with
 
the measuredlow altitude auroral measurements at this same L value and with 
the locationplasma properties deep in the tail in order to try to determine 
of the dominant portion of the auroral acceleration process. Ideally, a body 
of simultaneous, coordinated observations would be desired, but, since such
 
yet available, as a first step one can intercompare separate
data are not 

statistical studies made at the three locations during periods of roughly
 
comparable magnetic activity.
 
Statistical studies of the properties of the plasma sheet electrons
 
The
deep in the tail have been made by Vasyliunas (1968) and Hones (1968). 

on the Vela satellite data t 17 RE are particularly
latter studies based 
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extensive. They found average number densities of about 0.3 cm arid
 
average energies of about 1 keV. A recent statistical study of the
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properties of auroral electrons at low altitudes has been made utilizing
 
the data from the polar satellite 1963-42A from which about 160 crossings 
of this L shell near local midnight are available (Sharp et al, 1969).
 
In order to form a comparable body of MS data for comparison 
with these previous studies we examined the presently available data 
from the period August 28 through September 4. During this period the 
satellite was tumbling and, as indicated previously, the detectors were 
averaging over almost the entire range of pitch angles. For this pre­
liminary study, the electron plasma properties were computed under the 
assumption of isotropy of angular distribution. 
For comparison with the results from satellite 1963-1 12A, we restricted 
the ATS data to a corresponding local time period and formed 25 second average:: 
of the outputs of the relevant detectors every 15 minutes in the two-hour 
intervals centered around local midnight for the available data from the 
period indicated. From these results we computed the omnidirectional 
energy flux and the average electron energy. Sixty-three determinations 
of these properties were obtained and used to form the overall average values 
and standard deviations shown in Table II. 
In order to-compare with the results of the survey of precipitated
 
electrons I'rom the polar satellite, the number-flux-weighted average electron
 
energy was computed. This is to be distinguished from the number-density­
weighted average energy which is the relevant quantity to be compared with 
the results of the plasma studies deep in the tail. From Figure 9 of Sharp 
et al (1969) we obtained values for the average total precipitated energy
 
flux at invariant latitude = 680 during the period of that experiment. This
 
corresponds to the average L value at the ATS satellite at local midnight
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TABLE II
 
Comparison of -TS-5data on electrons with energies between
 
0.65 and 53 keV during the period 28 August to 4 September 
1969 with precipitated electrons with energies above 0.08 
keV measured on satellite 1963-42A during the period 30 Oct­
ober to 5 November 1963. The indicated errors are the stan­
dard deviations of the mean values. 
Omnidirectional 
Energy Flux,2 
ergs/am -sec 
Average Energy, keV 
(Number-Flux Weighted) 
ATS-5 (near local 
midnight) 
138i + 2.0 8.2 ± o. 
1963-42A (invariant lati­
tude = 68; near 
local midnight) 
Porthern Hemisphere: 4.5 ± 1.0 5.9 h 0.5 
Southern Hemisphere: 3.9 + 0.8 5.6 ± 0.5 
during the perid of interest. Under the assumption of an isotropic angular
 
distribution, these values were multiplied by four to obtain the corresponding
 
values of the omnidirectional flux shown in Table II. 
An average electron spectral parameter was presented by Sharp et al. (1969) 
as the fraction of the energy flux in the form of electrons with energies great 
er than 21 keV. The equivalent values of this spectral parameter for an expo­
nential spectrum with average energy E0 were also given. From Figure 6 of that 
work we obtained these equivalent average energy values at invariant latitude = 
680 and they are shown in Table II. 
Examination of -Table 11 shows that the average electron energy values
 
are similar for the two studies. The average energy flux was about a
 
factor of three higher in the ATS data. We conclude that there is no evi­
dence from this intercomparison for the necessity of postulating an additional
 
auroral acceleration mechanism operating between the equatorial location of
 
the ATS and the altitudes near 300 km where the 1963-42A satellite data were
 
acquired.
 
The period of the ATS data analysis was somewhat less active magnetically
 
than the period of the 1963-42A experiment. Sharp and Johnson (196) have
 
shown that the average energy is less strongly dependent upon Kp than the
 
energy flux, so the former is probably a more reliable quantity for this 
intercomparison of data from different periods. In addition, their measured
 
trend was toward softer auroral electron spectrums with decreased Kp so our
 
conclusion is not likely to be invalidated by the difference in magnetic 
activity between the two periods.
 
The dotted histograms in Figure 4 show the results of the study by 
Vasyliunas (1968) of electron plasma properties deep in the tail utilizing
 
his data from 0GO-1 and some Vela-2B measurements. He obtains about the
 
10 
same average electron energies as reported by Hones (1968) from the more
 
extensive study of Vela measurements, and values for number density and
 
energy density about a factor of 3 higher than given by Hones. The energy
 
range of the Vela-2B measurements (0.35 to 20 keV) is roughly comparable to
 
that of our experiment, while the range of the OGO-1 instrument (0.125 to
 
1.6Y keV) is somewhat lower.
 
The cross-hatched histograms in Figure 4 show the results of a pre­
liminary analysis of the presently available ATS-5 data from the period
 
August 28 to September 4. In order to compare with Vasyliunas' results,
 
we selected data only from the periods of our "substorm events" when we
 
were presumably in the plasma sheet. Thus, for example, on day 240 (See
 
we selected the period from 00 to 09 hours UT as representative of
Figure I) 

No attempt iWas made to separate
the electron fluxes inside the plasma sheet. 

out those periods when the satellite might have been in the soft inner edge
 
of the plasma sheet boundary so a possible bias exists toward softer energy
 
spectrums. To obtain a small representative sample of this data for a
 
preliminary analysis of the electron plasma properties, we formed 25 second
 
averages of the outputs of each of the relevant detectors, at 30-minute
 
intervals throughout the selected periods, assumed an isotropic angular
 
distribution, and computed the quantities shown in the histograms in Figure 4.
 
In examining the results of the two studies, we find that the omnidirectional
 
The average electron energies
fluxes and number densities are quite similar. 

during this period are seen to be roughly an order of magnitude higher at
 
6.6 RE than were found previously deep in the plasma sheet.
 
Axford's (1969) model of magnetospheric convection predicts an accelera­
tion oC the plasma sheet electrons as they are convected inward. If they are
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Figure I: A comparison of some electron plasma properties measured on ATS-5
 
with previously reported values deep in the magnetospheric tail.
 
compressed adiabatically in the presence ofpstrong pitch angle scattering,
 
they obey the relationship TV constant, with y = 5/3; V = the volume
 
which they occupy; and T = the temperature, which is proportional to their
 
average energy. The volume of a flux tube is roughly equal to its length, 
Z, times its equatorial cross section, A, which is in turn inversely pro­
portional to B. Thus, as their radial distance is decreased from 17 to 6.6
 
RE, and the magnetic field is increased from about 15Y to about 125y, the 
average electr6n energy should increase by roughly a factor of 8. This is 
consistent with the observations. In the absence of loss mechanisms, this
 
compression should also result in an increase in the number density by a factor
 
of l/V, or about 20, which is contrary to the illustrated results. We know,
 
however, that loss processes are indeed important on auroral field lines and
 
so the observed low density values at synchronous altitude are not inconsis­
tent with the convection model.
 
The principle conclusion from this comparison is that to the extent
 
that one can compare limited bodies of data taken during different periods, 
there is apparently no need to invoke an additional acceleration mechanism,
 
over and above adiabatic compression, to account for the average energy differ­
ence of the electrons between the two locations. It should be emphasized
 
that this is true on the average only. Additional processes are probably
 
required to explain the existence of particles with energies of hundreds
 
of keV which have been observed in auroral precipitations. However, based
 
on these preliminary results, these processes apparently do not have a
 
significant effect on the overall average energy.
 
The magnetic activity during the period of Vasyliunas' measurements 
varied over a somewhat greater range than during the period analyzed here. 
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However, a preliminary analysis of the ATS data during the storm of 28-30 
September 1969 indicates that the average electron energies on the night­
;ide were generally in the same range as those shown in Figure 4. We 
feel, therefore, that these results are probably valid over a reasonable 
range of magnetic activity and do not apply only to very quiet times. 
IV. SUMMARY 
A preliminary description of some of the characteristics of magnetospheric
 
substorms as observed in the auroral particle fluxes at synchronous altitude 
during relatively quiet times includes:
 
1) A time dispersion in the onset of the electron flux increases in
 
the evening and midnight events with the softer electrons generally being,
 
observed ['irst.
 
2) In several of these events, just after its initial increase, the low
 
energy electron flux was observed to decrease again at the time of the onset 
of the more energetic electron flux.
 
3) During most of the evening events, a proton flux enhancement was 
observed beginning prior to the onset of the electron flux increases.
 
4) During the events which began near local midnight or in the morning, 
the proton fluxes were often relatively unaffected or .howed a broad generul 
depression especially in their more energetic component.
 
5) During about half of the evening and midnight events a characteris­
tic signature of the more energetic proton fluxes was observed consisting of 
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an initial decrease followed by a relatively rapid increase. The time
 
scale of these signatures was of the order of one hour.
 
6) Quasi-periodic oscillations in the particle fluxes were occasionally
 
observed during the substorm events.
 
A preliminary statistical study has been made of the electron plasma
 
properties during the first week's operation of the experiment. Compari­
son with previously reported statistical studies of auroral electron fluxes
 
at low altitudes and of electrons deep in the magnetospheric tail provides
 
no necessity for postulating an additional acceleration mechanism, other than
 
adiabatic compression, to account for the average energization of the auroral
 
electrons within the framework of the convection model of the magnetosphere.
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